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(Following  is  a  translation  of  an  article 
by  Vilfried  Lange  in  Paedagoglk  (Pedagogy) , 
no  2,  Berlin,  February  I9S*,  pages  159- 
167.J 


In  the  last  decade  cybernetics  has  become  increas¬ 
ingly  important  through  the  rapidly  developed  dialectical 
processes  of  differentiation  and  specialization  of  sci¬ 
ences,  on  one  hand,  and  the  unification,  integration,  and 
universality  of  fundamental  principles  in  the  sciences, 
along  with  the  rise  of  many  peripheral  sciences,  en  the 
other  hand.  As  the  product  of  the  interaction  of  many 
sciences  and  as  the  reflection  of  certain  common  funda¬ 
mentals  for  all  sciences,  it  is  an  im  pc  re  ant  general  as¬ 
pect  and  point  of  departure  for  metaodological  investiga¬ 
tion,  evaluation,  and  representation  of  specific  problems 
of  fields.  Cybernetic  formulation  cf  problems  and  ques¬ 
tions  has  proven  feasible  in  industry,  technology,  sci¬ 
ence,  planning  and  direction  of  the  economy,  and  in  many 
other  spheres  of  life,  thus  showing  the  individual  sci¬ 
ences  completely  new  and  especially  effective  ways  to 
solve  special  problems.  This  applies  to  pedagogical  re¬ 
search,  too. 

We  as  teachers  must  not  expect  cybernetics  to  solve 
all  problems  simply  and  surely,  making  unnecessary  any 
further  investigations  or  experiments  specific  to  the 
field.  Cybernetics’  usefulness  is  not  in  replacing  par¬ 
ticular  scientific  research  and  generalization,  but  in 
suggesting  all-around  generalization  and  thus  indicating 
a  basic  way. 

Pedagogical  and  didactic  investigations  based  on 
cybernetics  or  using  its  basic  precepts  and  Its 
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[methodological  mathematically  exact  aids  are  bain*  insti-  | 
tuted  at  present  in  the  Soviet  Onion  end  in  ofc3<er  sooialist 
countries,  in  addition  to  capitalist  etatoi  such  as  Franca, 
West  Germany,  and  the  USA.  Without  doubt  the  application 
of  cybernetics  ia  pedagogic  a!  research,  will  ooatxdbute  to 
scientifically  precise  determination  and  orcablishmeat  of 
a  series  of  hitherto  merely  empirically  obtained  experi¬ 
ences  and  methods. 

,fTh&  tempo  of  scientific  development  ic  increasing; 
differentiation  and  specialisation  .also  grow. . .  Mankind  ap¬ 
proaches  the  moment  at  which  it  can  no  longer  completely 
'digest*  era  use  accumulated  knowledge.  To  prevent  this, 
the  classification  of  knowledge  and  the  separation  of  the 
superfluous  must  be  continually  worked  at-  Knowledge  must 
be  uninterruptedly  compressed,  figuratively  speaking." 
((Note!??  &*  Stschedrovisfci,  “The  Technology  of" Thought , **  in 
Prefu?  of  the  Soviet  Union,  no  146,  1961 ,  page  3509.)  This 


stani! 


and 


Ififi&fl  the  center  a  of  .knowleds 

The  arperiments  of  Prof.  L.IT.  nano.?.,  W.w <  Davydov, 
and  other t'  show  that  more  osn  be  achieved  than  more  mastery 
of  the  instruction  material  in  shorter  time  snd  in  more 
intensive  fashion.  They  have  shown  rather  that  x o  is  even 
possible  to  master  in  shorter  time  a  greater  rang*  of  in¬ 
struction  material  with  far  higher  educational  performance 
by  tli©  student?  than  before.  The  problem,  so  ecus©  cow 
and  in  the  future,  of  attaining  higher  quality  of  education 
in  relatively  shorter  time,  will  therefore  be  conquered 
not  only  through  improvement  and  intensification  of  in¬ 
struction  (for  example,  according  to  the  Lipesk  example), 
but  also  through  a  new  scientifically  based  establishment 
and  shaping  of  basic  knowledge  and  its  classification  in 
centers  of  knowledge  and  understanding. 

Using  publications  of  the  Soviet  press  we  will  in¬ 
dicate  in  this  article  some  consequences  resulting  from 
application  cf  the  aspects  and.  methods  of  cybernetics  to 
pedagogy.  We  will  thereby  deal  with  all  three  pedagogic 
problems  that  concern  us,  especially  at  present  and  in* 
the  near  future,  in  the  far-reaching  construction  of  so¬ 
cialism  in  our  republic,  in  the  closer  connection  of 
sohool  with  life,  and  in  the  perfection  of  the  uniform 
system  of  education v 

The  problem  of  basic  knowledge  and  basic  skills,- 
as  a  pedagogic  problem  of  the  system  of  centers 
of  knowledge  and  understanding. 


The  problem  of  the  technology  cf  thought,  as  the 
didactical  and  mvihcaological  problem  of -the 
student*  s  intensive  umd  effective  leanp^Ug  . 


The  problem  of  -unity  of  physioal  sad  mental  activi4 
ty,  as  the  pedagogical  problem  of  overcoming  a  one¬ 
sided  polytechnic  training  directed  toward  hand¬ 
work  techniques,  skills,  and  habits,  and  an  occu¬ 
pational  education  dust  as  narrowly  oriented. 


THE  P50BLEM  0?  BASIC  KNOWLEDGE 


The  further  development  of  the  material  and  tech¬ 
nical  bases  of  socialism,  the  rapid  rise  in  work  producti¬ 
vity  because  of  the  highest  possible  state  of  science  and 
technology,  the  production  of  better  quality  goods  able  to 
compete  more  favorably  in  world  markets,  all  cause  science 
to  become  increasingly  a  direct  productive  force.  The 
waxing  importance  of  mathematics,  natural  and  technical 
sciences,  cybernetics,  automation,  and  electronics  to  the 
growth  of  the  productive  forces  of  society  necessitates 
close  attention  to  obtain  more  scientific  types  of  in¬ 
struction  In  the  sphere  of  education.  This  doea  not  mean, 
however,  that  in  the  general  polytechnic  higher  school 
the  students  are  "to  be  given  all  the  highest  mathematical 
and  scientific  knowledge:  this  is  the  task  of  subsequent 
specialized  education"  (i,Note):  Address  of  Walter 
Ulbricht  at  the  l?th  congress  of  the  Central  Committee  of 
the  Socialist  Unity  Party  of  Germany,  in:  "Toward  the 
Vlth  Party  Congress,"  pages  65-64,  Dietz  Yerlag,  Berlin, 
,1962.) 

In  the  general-education  school  it  is  particularly 
important  to  Insure  that  all  students  assimilate  the 
fundamentals  of  knowledge  and  understanding:  that  maEs  nos- 
siple  a  further  extension  and  development 'of  education. 

This  involves  the  Highest  state  of  knowledge  and  skill  in 
fundamentals,  and  presupposes  that  the  b&sio  knowledge  and 
basic  skills  are  separated  and  established,  with  sci¬ 
entifically  founded  methods,  mathematically  exact  deter¬ 
minations,  and  analysis  based  on  logic  of  form  and  content, 
out  of  the  total  fund  of  advanced  experiences  and  sci¬ 
entific  knowledge. 

These  fundamentals  of  knowledge  and  understanding, 
as  Soviet  pedagogues  (Skatkin,  for  example)  demanded 
years  ago,  must  be  carters  of  education.  They  replace 
the  principle,  used  previously  in  our  ourricula,  of  join¬ 
ing  "fragments  of  education"  from  all  or  nearly  all  fields 
of  a  scientific  discipline  into  a  mosaic  that  we  then 
call  the  subject. 

Previously,  the  collection  of  individual  educational 
I  material  took  place  according  to  the  traditional  methods  i 


of  empirical  3cbool  practice;  some  cf  the  obsolete  ma-  j 
torial  drops  out,  and  new  educational  mat ter  in  added  - 
all  this  is  dene  largely  empirically  according  to  the  per¬ 
tinent  abstraction  stage.  Empiricism  therefore  decides 
whether  innti'uotiona?  material  is  obsolete  or  whether  it 


will  be  used  for  instruction  fox'  a  few  more  years. 

Cybernetics,  with  its  aspects  of  information  theory 
the  study  of  algorithms  and  the  methods  cf  logic  of  con¬ 
tent,  of  matrix  calculation,  and  of  Boolean  algebra  can 
help  us  here.  L.3.  Italoon  ((Note):  "The  Use  of  Mathe¬ 
matical  and  Cybernetic  Methods  in  Pedagogical  Studies,"  in 
Sov.jetakaia  PeAagogilta  (Soviet  Pedagogy),  no  4,  1962, 
pages  V5-35  ;rr''^  Psychological  Peculiarities  of  the  Task 
of  a  Worker  on  Equi  ment  in  Continuous  Chemical  Production 
in  Voprosy  Psichoioj  11  (Psychological  Questions),  no  5. 
19STTsKoweTTE  roupTTndividual  investigations  how  the  use 
of  mathematical  and  cybernetic  methods  in  pedagogic  re¬ 
search,  especially  in  determining  the  work  skills  to  be 
learned  and  &  system  of  centers  of  the  later  qualified  and 
at  the  same  time  available  knowledge,  leads  to  new  sci¬ 
entific  pedagogical  findings. 

Determination  of  basic  knowledge  and  basic  3kill3 
with  scientific  precision  is  therefoie  necessary,  too,  be¬ 
cause  the  scientific  findings  which  the  individual  must 
u36  in  socialist  production  and  society  continually  In¬ 
crease.  They  have  now  reached  an  extent  that  makes  it  im¬ 
possible  to  determine  the  basic  knowledge  or  the  funda¬ 
mentals  of  knowledge,  abilities,  and  skills  with  the  aid 
of  empirical  selection  and  evaluation  methods. 

la  addition,  many  basic  scientific  findings  pene¬ 
trate  different  fields  of  knowledge  and  scientific  dis¬ 
ciplines,  are  used  uniformly  in  many  fields  of  life  and 
work,  and  appear  as  centers  of  integration  of  scientific 
knowledge.  In  most  cases,  however,  these  fundamentals 
of  knowledge  do  not  coincide,  as  far  as  degree  of  ab¬ 
stractness  and  'pmeraliaation  is  concerned,  with  the 
centers  of  knowledge  and  understanding  that  are  to  be 
taught  the  students  in  the  general  education  school  under 
the  existing  conditions  of  development  and  education. 

The  problem  of  simplification  appears  here;  I).  Hering 
((ifote)  :  Dietrich  Bering,  "The  Comprehensibility  of 
Statements  in  the  Katuxal  Sciences  end  Technology,1'  Volk, 
and  Vis sen  Volkselgener  Verlag,  Berlin,  1959),  who  ex¬ 
plained  its  importance  for  pedagogic  research  And.  prac¬ 
tice,  sought  to  solve  it  with  some  valuable  references 
to  pedagogic  methods. 

This  problem  of  basic  knowledge  -  broadened  and 


deepened  knowledge  -  is  not 
j  aimplication,  however,  it  r 


solely  a  question  of 
ust  find  feupvodfcioo 


didactic 
i  o  the 
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[theory  of  the  curriculum  and  educational  By stem.  What  iiTj 
imf lived.  1-g  thengv  dgt^roj^at  ion .  of  ^tefla^^-oTgaowl- 
edgo  and  under  standing  that  possess  the  properties  of 
centers.  fffiese  properties  eight  he '  charac-teri ze'& ' somewhat 
as  follow a: 

1 .  A  center  of  knowledge  and  understanding  must 
make  possible  l&e  truce  se  of  "transfer  from  one  ‘  center  To  ' 
another  ancT  tfcust  jni'tITte"Te7  baa i<T inohleage'Ts  charac'- 
tei*:Laed_’aoov:i“'aII  "by  tEc '’’quality  of  connectibility  and 
combination  into  new  complexes  of  knowledge*  Cybernetics 
has  established  the  principal  idea  in  information  theory 
that  good  performance  of  an  information  receiver  is  to  be 
found  not  in  the  number  of  its  components  but  in  the 
quality  of  Its  abilities  to  select  and  connect . 

The  transmission  of  knowledge  ox*  understand-* 
ing  from  one  center  to  another  depends  upon  the  laws  of 
analogy.  we  may  £ive  an  example  of  how  the  choice  of  cer¬ 
tain  centers  of  knowledge  and  understanding  make  possible 
analogous  transferability:  It  ie  known  empirically  that 
a  student  more  easily  learns  the  basic  skills  of  milling 
if  he  first  acquires  the  firm  and  solid  principlea  of 
iachewcrk.  Thera  is  a  similar  problem  in  the  choice  and 
proper  didactic  sequence  of  basic  findings .  It  is  neces¬ 
sary  to  solve,  among  others ,  the  questions :  What  muot  be 
taught  first?  What  is  the  best  didactic  sequence  of  basic 
knowledge  to  Insure  analogous  transferability  and  thus 
mere  rational,  easier,  and  above  all,  f inner  assimilation 
of  basic  knowledge? 

This  problem  occurs  particularly  in  intro¬ 
duction  of  professional  basic  education,  where  it  is  im¬ 
portant  to  determine  scientifically  is:  what  subjects  - 
either  in  the  natural  sciences ,  general  technical,  sub¬ 
jects,  or  theoretical  professional  subjects  -  knowledge 
can  be  imparted  moat  effectively  uni  in  proper  didactic 
order. 

2.  A  center  of  kncvrlc-dvo <rund  understanding 

must  further  maWc'lhe'  process  e 

an£ atimulato*  it.  iTaw  cents x eT*o f ” knowledge  anu~S2er- 
stiincUng "‘c a more  rationally,  easily,  and  impi’fiseively 
developed  and  obtained  from  two  or  more  centers  by  super¬ 
imposing  individual  phases  of  educational  material.  Of¬ 
ten  this  happens  b7  itself  during  creative  learning  ef¬ 
fort  of  the  student;  it  originates  as  the  result  of  in¬ 
terfering  centers  that  the  student  has  previously  firmly 
assimilated  and  now  must  use  in  new  associations.  For 
example,  from  the  knowledge  that  direct  current  can  not 
be  transformed,  while  alternating  current  can  bo  changed 
into  direct  current  by  a  rectifier,  it  is  not  possible 

i to  solve  the  problem  of  changing  alternating  current  into  | 


feTlow-voltage  direct  current  without  rectifier  and  trans-  | 
former.  Only  the  knowledge  that  an  alternating-currant 
motor  and  a  direct-current  generator  can  he  mechanically 
pr  ‘ red  provide.?,  the  solution  to  the  above  problem,  as  it 
in 

•hi 


is  employed  in  ^reduction  practice  (in  arc  welding)  i  ap¬ 
plication  of  the  motor -generator  principle  to  solution  of 
the  problem  of  transformation  of  alternating  current  and 
generation  of  direct  current  without  rectifier  and  trans¬ 
former.  Here  the  principles  cf  reinforcement,  distribu¬ 
tion,  and  analogy  operate,  just  as  shown  by  cybernetics 
in  many  other  similarly  working  interference  phenomena  in 
nature  technology,  and  society. 

In  connection  with  the  concept  of  creative 
and  constructive  human  thought  and  behavior,  cybernetics 
has  added  to  the  nomenclature  of  psychology  the  concepts 
of  "superposition,"  ''transmission,"  "interference,"  and 
"coupling"  with  the  aid  of  newly  introduced  concepts  such 
as  "analogy,"  "information,"  and  "feedback,"  and  has 
raised  it  to  a  higher  scientific  stage  of  generalization. 
The  relationships  between  the  variouB  fundamentals  of 
knowledge  con  be  shown  by  use  of  mathematical  symbol law 
and  laws.  The  fundamentals  of  knowledge  can  be  classified 
as  centers  with  the  aid  of  logic  of  content  and  analysis 
and  synthesis  of  decision  calculations.  The  study  of  al¬ 
gorithms  finally  aids  in  determining  a  scientifically 
based  correctness  of  sequence  of  succession  and 
tion  of  the  centers  found. 

3 .  Centers  of  knowledge  and  understanding 
must ,  from  what  they  encompass ,  "Be  furbKer^ 
useful".  Sped  A  k no w ledge ,  " on  the  "o the r  ha! 
imparted  in  subsequent  educational  facilities,  such  as 
trade  schools,  technical  schools,  and  universities .  This 
third  characteristic  cf  a  center  does  not  soy  that  it 
represents  only  knowledge  on  a  higher  level  of  abstract¬ 
ness  -  according  to  Quality  of  content.  It  must  also 
possess  the  characteristics  below  if  it  is  to  receive 
recognition  as  true  fundamental  knowledge. 

4.  Centers  cf  knowledge  and,  understanding; 

in  the  sense  ofTaal'c  "knowledge  and  ba?lc~Ts'RIlia  must  bo 
capable  of  extenslo'n'and  "afevelopment .  '^Hoy  must  contain 
In  them . the" ’transition"  to  specialized  and  deeper  pene¬ 

tration  into  the  scientific,  subject.  A  center  of  this 
must  satisfy  the  cb.lectlve  requirement's  of  transl- 
,  of"  learning^' from  "the' "general  Aio'the  apec3tTI'c'rrrap3r 
f^rom '  the  concrete  to  t'he  no sir a off. *~~"Her6~cy^ a rnetTclT" can 
Ee  especially  Helpful viih  it  a  manner  of  differentiation 
of  elementary  and  complicated  forms  of  motion,  lower  and 
higher  forms  of  systems  (and  systems  of  kvowleage) ,  as 
well  as  the  abstract  and  concrete  stages  of  knowledge. 


jvuctapoei- 


ider^tandiBK 

'  a  coR  entile  and 
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fin  ifmaiiit  with  the  Marxian  ideas  of  "ascent  from  the 
abstract  to  tha  concrete"  (( Iota) t  cf.  Earl  Marx,  ’'Critique 
of  Political  Jconoey,"  paces  257-256*  **rl4a*  W)»  oyber- 
aotiea  furnishes  new  incentives  for  didactics,  which  must 
solve  with  scientific  precision  the  problem  of  correct 
aequenoa  of  acquisition  of  general  and  epeoifio  education 
and  tha  learning  process  as  a  dialectic  unit  of  the  ab¬ 
stract  and  concrete  ((lete)t  Of.  Behrens,  "Methods  of 
~  "  Berlin, 


Folitioal  Econ^ay,"  page  26  ff,  Akademie-Yerlt 
1952,  and  W.S.  Xatakovsev,  "Cybernetics  and  Belationchlpe 
between  the  Sciences,"  in  Soviet  Science,  Social  Sciences 
Papers,  no  10*  1962,  pages  1060-1063 •) 

la..££ife-.2£.  mi* 
i&Mwi*  aitJ 


A\ttli^ion.  centers  of  knowledge 
F-ifty..  9  3.ata.in_t?Mea2ie>. 
each  stage  of  our  uniform  educe 


each  stage  of  our  uniform  educational  system  learners  nuat 
be  able  to  return  repeatedly  to  basic  knowledge  so  that 
they  can  grasp  the  newly  imparted  subject  natter  ever  nore 
deeply.  This  la  possible  only  when  the  students  assimilate 
those  fundamentals  in  knowledge,  abilities,,  and  skills 
which  already  possess  tendencies  to  the  specific  and  to 
knowledge  later  to  be  expanded  epeoifio  to  occupations*  At 
the  sane  tine,  the  specific  tendencies  contained  in  general 
knowledge  qualify  the  students 

a)  to  perform  simple  praotioal  activities 
of  life  and  productive  work,  and 

b)  to  penetrate  deeper  into  the  subjects 
and  relationships  of  practice  through 
independent  creative  study* 

In  future*  this  problem  will  be  of  great 
importance  for  scientific  determination  of  the  relation¬ 
ships  cf  general,  polytechnic,  and  professional  education 
in  the  polytechnic  steondaxy  school. 

_  _  6.  SiaSisn  Af  .ta93ft.ft.te  . 

te.  j^b&  .ftgg^gd  ftaiz.,  aa&  .a.<&141i; 

a  problem  of  their  pedagogical  selection  according  to  the 
principles  of  comprehensibility  and  systematic  perfection 
of  the  ability  of  the  students  to  understand*  Previous 
didaotlo  concepts  reduced  the  problem  of  comprehensibility 
only  to  the  capacity,  referred  to  development  or  educa¬ 
tion,  cf  reception  and  processing  of  infornatlon  by  the 
students  of  certain  classes  or  age  groups.  Cybernetics 
helps  to  overcome  this  one-sided  viewpoint. 

It  has  established  for  animate  end  inani¬ 
mate  nature  the  basio  theorem  that  the processing  capacity 
of  information  dots  not  depend  primarily  on  the  capacity 
of  the  processing  center  but  .upon  the  processing  oapaoity 
of  the  connecting  channels  (LNotelt  V«  Hose  Ashby,  "In- 

( Russian),  Mosoow,  19! 


troduction  to  Cybernetics,"  (Buss: 
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prooeeelng  "center  in  the  consciousness  of  tho  Itamer 
depends  primarily  upon  the  o opacity  of  the  channels  of 
oomuttnleatlon.  mil  now  and  scientific  aspect  of  cyber- 
notice  aaoieto  u«  to  soIto  many  still  opon  questions,  es¬ 
pecially  probloas  of  comprehension.  It  also  contributes 
to  scientifically  oxaot  preparation  of  curricula  for  the 
various  classes  and  educational  facilities.  finally,  the 
oyhemetio  viewpoint  shows  that  the  problem  of  compre¬ 
hension  will  not  be  solved  exclusively  by  didaotio  simpli¬ 
fication  and  corresponding  ohoice  of  subject  matter. 


OOSBEOT  TECHHOLOGI  Of  THCKJ&HT 

-  Basis  or  mPBomisin* 

If  LS/U9KIBG 


Ve  shall  begin  from  the  results  of  years  of  expert  - 
sente  of  Soviet  scientists  of  the  Institute  for  Preschool 
Education  of  the  Academy  of  Pedagogical  Sciences:  in  the 
let  grade,  pupils  solve  an  arithmetic  problem  in  a  manner 
unusual  for  us.  She  ?-year  old  pupil  designates  the  known 
quantities  by  a  and  b,  and  ths  unknown  by  x.  Ho  sots  up 
the  squation  and  gets  the  result  by  substitution  of  num¬ 
bers. 

Even  though  arithmetic  and  the  four  basic  types  of 
calculation  originated  first  historically,  and  algebra 
as  the  abstract  of  the  generality  of  computation  laws  was 
not  developed  until  later,  this  does  not  mean  that  in 
the  Both  oentury  school  this  historical  path  of  human 
discovery  must  be  repeated  in  miniature,  that  is,  In  the 
head  of  the  pupil. 

She  Soviet  experiments,  beginning  as  early  as  the 
let  grade  with  algebra  and  application  of  its  laws,  led 
to  the  following  findings,  among  others: 

a)  In  spite  of  initial  difficulties,  which  oan  . 
be  eliminatsd  in  subsequent  experiments  by 
discovery  end  application  of  the  beet  teaching 
methods,  the  puplle  learn  the  mathematical 
relations  more  easily  in  this  way  and  master 
oaloulation  more  thoroughly,  firmly,  and 
solidly  than  through  the  continual  concentrated  I 


repetition  of  basio  calculation  type*  during 
••▼•ml  sihool  year*. 

b)  Because  the  generality,  the  algebralo 
relatione  between  the  numbers,  lie  learned 
first  and  la  continually  taken  an  the  point 
of  departure  for  the  specific,  which  le 
arlthaetieal  calculation,  the  pupils  early 
develop  the  fir*  ability  to  aur/ey  in  a 
•alf -reliant  and  creative  manner  any  problen 
in  arithaetic ,  no  natter  bow  diverse,  uaing 
the  known  lave,  and  to  solve  the  problem 
correctly  after  working  out  the  aethod  of 
solution.  2his  further  enables  the  pupile 
to  apply  calculation  operations  to  practical 
problems*  This  overcoaes  the  circumstance 
often  observed  with  our  pupils  in  the  8th 
or  9th  grade,  where  they  suddenly  no  longer 
know  how  to  *ake  a  calculation  Involving 
fractions  or  to  handle  a  proportion. 


V.V.  Davydov  ((Note) :  "Experimental  Introduction 
of  Elaaents  of  Algebra  Into  the  Lover  Grades,"  in 
Spy jetekaia  Pedaaogika  (Soviet  Pedagogy),  no  8,  1962, 
pages  31-45 )  in  giving  a  detailed  report  or.  the  progress 
and  results  of  the  experiment,  eaphasisee  that  the  appli¬ 
cation  of  operative  absence  or  content  and  represented 
relatione  batmen  tbe  general  and  the  specific ,  particu¬ 
larly  proposed  in  cybernetics ,  were  the  starting  points 
for  conesption  of  the  experiment. 

Analogous  oonolusicss  wsre  derived  fron  these  ex¬ 
periments  for  other  subjects  in  whose  speciflo  systenisa- 
tion,  too,  "there  ere  unnecessarily  complicated  pro¬ 
cesses.  .  . ,  which  are  traditionally  oarried  forward  fro* 
oentury  to  century  but  which  eould  be  discarded  without 
hex*,  or  replaced  tar  others  simpler  and  more  oonplete. 
Geometry,  for  example,  is  taught  according  to  Euclid  to 
ths  present  day,  under  the  pretext  that  It  pronotes 
development  of  reasoning,  if  the  abilities  that  geoms- 
1%  supposed  to  develop  are  analysed  logically 

m  "logically"  is  meant  bars  not  formal  logio 
is,  out  analysis  by  logic  of  content,  which  is 

_  ..sis  of  mathematical  logic  and  is  used  operatively 

by  cybernetics.),  it  is  seen  that  they  could  be  devel¬ 
oped  in  other  considerably  shorter  and  sore  effective 
ways  |  or  in  any  csss  with  a  smaller  amount  of  the  geome¬ 
try  learned  today"  ((lotejf  :  G.  Stsohedrovlski ,  l.o.t 
pages  5310-3311) . 

Our  experience*  chow  that  logical  analysis,  eepara-i 
jfcion  of  the  dross,  and  arrangement  of  basic  knowledge  _ j 
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{according  to  the  latest  scientific  algorithms  apply  to  such 
subjects  as  engineering  drawing  and  descriptive  geometry;  r 
the  latter  subject  is  preferably  considered  the  basis  for 
the  former.  An  analysis  by  logic  of  content  would  show 
that  descriptive  geometry*  like  Euclidean  geometry ,  can 
be  learned  better  and  more  rationally  than  through  the 
structure  of  the  antiquated  subject  material*  long  rigid 
in  content  ana  form* 

The  new  dideotlo  considerations  on  the  learning 
and  kncwledg-i  process  of  students  led  to  the  basis  of  the 
modern  viewpoint  of  cybernetics  and,  using  mathematical 
methods  of  analysis  and  synthesis,  tc  deeper  understanding 
of  the  laws  of  thought  and  perception.  One  speaks  of  the 
technology  of  thought  And  the  learning  process  ~  analogous 
to  the  processes  which  technical  cybernetics  investigates 
ao  a  matter  of  course. 

Information  theory  furnishes  new  viewpoints  and 
isolated  facte  for  the  basic  proposition  that  it  ia  neces¬ 
sary  to  differentiate  between  systematic  and  indirect 
knowledge  and  that  obtained  by  chance  and  directly.  The 
dichotomy  "indirect  and  direct  ''learning"  can  be  analogous¬ 
ly  established.  Without  claiming  or  being  able  to  claim 
to  develop  a  new  theory  for  teaching  and  learning  methods 
in  instruction,  cybernetics  presents  some  important  sug¬ 
gestions  for  remarkably  simple  and  effective  solutions 
in  didactic  problems. 

Interesting  ways  of  acquisition,  storage,  process¬ 
ing,  and  retrieval  of  information  are  found  in  the  design 
and  testing  of  ’'self-learning”  automatic  machines.  Since 
this  path  of  information  corresponds  to  teaching  and  learn¬ 
ing  in  school  instruction,  it  occurred  to  use  the  common 
didactical  way  of  learning  of  events  la  the  "self-learn¬ 
ing"  of  automatic  machines.  The  machine  was  to  be 
"instructed"  to  remember  five  different  numbers  (0,  1, 

2,  3,  5).  It  was  to  be  able  not  only  to  recognise  the 
prototypes  in  written  or  printed  figures  but  to  perceive 
the  correct  figures  in  every  case  from  a  multiplicity  of 
very  differently  written,  printed,  and  artistically  por¬ 
trayed  figures. 

School  instruction  often  is  conducted  so  that 
from  the  many  different  forms  of  a  given  phenomenon  only 
the  typical  and  generally  valid  form  is  differentiated 
and  the  essential  characteristics  that  constitute  the 
content  of  the  phenomenon  to  be  explained  are  taught 
about  it  aa  the  so-called  prototype.  Th i3  i«  done  in 
grammar  instruotion  and  in  biology  instruction,  or  for 
example,  in  discussion  of  machine  elements  in  polyteoh- 
nical  instruction.  A  machine  element  is  first  shown, 
then  the  essential  characteristics  are  traced  out  and  i 

•  l 
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explained  -  and  in  conclusion  the  specif io  varieties  and 1 

Particulars  of  a  few  special  designs  are  described  as 
eviants  from  the  prototype. 

This  "characteristic#  method"  was  also  used  in 
training  the  automatic  machine  for  the  five  numbers.  After 
the  machine  had  repeatedly  x*eviewed  the  character i sties 
of  AO  different  written ,  printed,  and  illustrated  figures, 
and  it  could  be  assumed  that  its  "memory"  possessed  the 
pictures  of  the  five  figures  accurately  differentiated 
from  eaoh  other,  it  was  supposed  to  recognize  160  different¬ 
ly  written  samples  of  each  figure  (in  total,  five  figui'es 
times  160  •  800  cases)  as  the  figures  in  question.  There 
were  many  mistakes,  however  -  up  to  25%  of  the  cases. 

Another  type  of  teaching  was  then  used,  one  which 
had  not  previously  been  employed  to  any  extent  in  didac- 
tios.  The  workers  at  the  Institute  for  Automation  and 
Telemechanics  in  Moscow  called  It  the  "congruence  method" 
((Note):  W.  Trapeenikov,  "Cybernetics  and  Automatic  Con¬ 
trol,  in  Press  of  the  soviet  Union,  nc  38,  1962). 

This  type  of  teaching  is  based  on  the  following 
concepts :  to  enable  a  student  to  comprehend  a  phenomenon 
in  its  essential  characteristics ,  content ,  and  features 
and  to  assimilate  it  solidly  as  new  knowledge,  it  is  not 
enough  to  show  the  chareoterlstioe  and  essential  aspeots 
of  the  phenomena  with  corroborative  repetition  for  a  few 
speolflc  cases.  It  is  better,  Instead  of  analyzing  char¬ 
acteristics,  with  subsequent  repetition  for  special  cases 
and  examples  of  application,  to  show  immediately  the 
congruenoe  of  various  representatives  of  the  phenomenon 
in  question.  The  pupil  -  an  automatic  learning  system 
in  our  example  -  comprehends  from  the  congruence  of  the 
various  optical  images  of  the  phenomena  wherein  lies  the 
essential  and  how  the  essential  and  general  character¬ 
istics  differ  from  the  specific  and  non-essential. 

In  the  experiment  with  the  "learning"  machine  it 
was  found  that  the  learning  process  could  be  conducted 
Incomparably  faster  through  this  "congruenoe  method"  than 
through  the  "characteristic  method."  When  the  800  dif¬ 
ferently  executed  figure  images  were  then  given  to  the 
machine  nearly  all  figures  were  correctly  deciphered 
and  identified,  with  only  four  errors  this  time. 

Even  though  the  result  using  the  "congruence 
method"  turned  out  so  convincingly,  it  does  not  yet  fol¬ 
low  that  this  process  would  neoeeaarily  be  as  success¬ 
ful  in  every  oase  in  the  human  brain,  or  with  the  student 
under  instruction.  It  ia  undeniable  ,  however,  that 
these  new  cybernetic  methods  of  teaching  and  learning 
with  automatic  systems  are  partly  transferable  to  higher 
forme  of  living  oontrol  systems  and  to  the  controlling  i 


[processes  of  teaohing  and  learning  in  school  instructionT] 
‘  as  well . 

Whoever  considers  this  conclusion  overdrawn  will 
at  least  be  convinced  that  it  is  obvious  even  today  in 
mazy  subjects  of  instruction  how  the  narrow  teaching 
methods,  oriented  to  formal  logic,  especially  the  axialytic 
cha-  .cteristic  method, can  not  reproduce  the  actually  ex¬ 
isting  transformations  and  specific  relationships.  This 
characteristic  method  often  results  in  inability  of  the 
students  to  comprehend  and  understand  complex  phanomena 
appearing  in  concrete  reality,  as  exemplified  in  practical 
solution  of  application  tasks,  in  experiments,  and  above 
all  in  the  productive  work  of  the  students.  On  the  other 
hand  it  must  be  stated  that,  for  example,  in  the  poly¬ 
technic  curriculum  the  increasingly  mere  often  used  type 
of  teaching  of  knowledge-transmitting  work  (assembly  work, 
switching  and  measuring  exercises,  and  comparative  tests) 
is  analogous  to  the  "congruence  method." 

We  now  finally  turn  to  a  pedagogic  and  didactic 
problem  that  is  gaining  importance,  especially  with  the 
introduction  of  professional  basic  education. 


CREATIVE  MENTAL  WORK  -  A  PRIMARY  PREREQUISITE 
FOR  MASTERING  MODERN  PRODUCTION 


The  progressive  pedagogic  ideas,  particularly 
the  experiences  of  Soviet  pedagogues  and  the  generalized 
results  of  school  practice  in  the  socialist  countries  say 
that  development  of  superior  skills  and  the  general  sci¬ 
entific  and  technical  knowledge  necessary  for  practical 
work  are  both  important.  A  student  wish  high  general 
education  and  Rood  general  ' technical  'knowledge  more  easi¬ 
ly^  aroq'ui'ckXv assimilates  the  work  techniques  to  tie  ac¬ 
quired'. 

Cybernetics  reaches  similar  conclusions  from  an¬ 
other  aspect.  In  several  work  analyses,  for  example, 

L.B.  Itelson  ((Note)  :  "The  Psychological  Peculiarities 
of  the  Task  of  a  Worker  on  Equipment  in  Continuous  Chemi¬ 
cal  Production,"  in  Voprosy  Psiohologli  (Psychological 
Questions),  no  5»  196l)»  rrof.  A .A.  Liapunov  and  G.A. 
Schsstopal  ( (Note) :  "Algorithmic  Description  of  Control 
Processes,  .in  Mateaat  1  techs  3ko„1  e  Prosve3chtach.eni.ia 
(Mathematical  Instruction)  ,  no  2,  T557T7  showed  now  the 
intellectual  abilities  cf  the  worker  in  modem  mechanized 
and  automated  production  markedly  enlarge  and  iaprov# 
the  radius  cf  effect  of  his  physical  work  skills. 


« 


« 


r  r£he  basic  idea  is  contained  in  the  following:  j 

Mechanised  and  automated  production  processes  ' 
run  at  especially  great  speed.  So  sake  the  correct  de¬ 
cisions  at  a  given  instant,  the  worker  must  react  quickly 
after  reception  and  aental  processing  of  the  corresponding 
information  signals  from  the  measuring  and  indicating  in¬ 
struments,  sounds,  or  other  signal  sources.  Shis  applies 
analogously  to  the  maintenance  man  (plant  mechanic,  plant 
electrician,  and  technician) ,  who  in  trouble-shooting  must 
decide  as  quickly  as  possible  in  accordance  with  a  ration¬ 
ally  devised  system  of  algorithms  (rules  for  finding  a 
solution).  Increase  in  reaction  speed  is  subject  to  phy¬ 
sical  limits,  however.  Dexterity  differs,  for  example; 
it  can  be  improved  by  exercise  as  well  as  by  long-term 
discontinuous  repetition  of  practical  operations!  It  is 
advantageous  to  rely  primarily  upon  discontlnoue  repeti¬ 
tion  of  work  operations ,  as  they  occur  in  plant  operSH’on , 
^4  ifot  solely  upon  didactically  organised  practice  (pos¬ 
sibly  in  the  training  shop). 

Perception,  decipherment,  and  conversion  of  the 
signals,  as  well  as  their  application  to  the  object  cf 
control,  represent. a  series  of  physical,  psychic,  and 
biomechanical  processes  that  span  time.  This  results  in 
an  objectively  caused  delay  in  the  action  of  the  worker 
which  can  not  be  compensated  for  by  dexterity  or  work 
skill,  no  matter  how  well-trained  he  is.  In  the  time  in¬ 
terval  the  parameters  of  the  relatively  rapidly  moving 
production  process  have  changed.  3?he  motor  activity  oc¬ 
curring,  with  Ite  delay  of  a  fow  tenths  of  a  second,  no 
longer  occurs  at  the  right  time,  and  often  can  conjure 
up  unexpected  consequences.  What  should  be  done  then? 

conclusion  can  be  improved  bylnteluectual  training. The 
worker  becomes  more  flexible  mentally,"  perceives  inxorma- 
tion  more  quickly,  understands  its  content  faster,  and 
thus  imparts  the  control  signals  to  the  machine  sooner. 

In  addition,  the  worker  can  become  trained  to 
maintain  in  readiness  v^ious"'comm\xaicatl!ons  cVannels  .for 
multiple  Incoming  signals.  Ms  presume  capa- 

bility  in  knowledge  of  various  laws  and  phenomena  for 
complex  production  processes.  'The  worker  must  not  only 
know  machinery,  measurement,  and  natural  sciences,  but 
in  addition  hi3  sensory  organs  must  be  we 11 -developed. 

This  ability  to  increase  the  handling  capacity  of  the 
channels  of  communication  can  be  "improved  tv systematic 
ana  diverse  exercise.  m  r 
“  3&e  statements  above  show  that  work  carried  out 

in  an  orderly  manner  rrcisupposea  a  certain  level  of  devel¬ 
oped  physical  and  mental  skills,  -this  is  not  enough,  i 

•  i— ii  ml 
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learn  ana  worn:  m  creatively  and  responsibly  conscious 
fashion, 

.Soviet  scientists  are  engaged  in  investigation  of 
these  complicated  relationships  between  thought  and  opera¬ 
tive  reaction  speed,  and  between  high  quality  of  worker 
education  and  the  improvement  of  his  work  techniques.  The 


question  involved  is  the  "laws  of  discovery  of  algorithms 
of  control  by  humans  on  the  basis  of  conscious  planning, 


evaluation  of  the  situation, and  the  course  of  the  process. 
..."  ((Sots):  L.B.  Itelson,  l.c.,  page  52). 

The  worker  who  is  educated  to  &  high  degree,  who 


scientifically  understands  the  technological  process,  and 
who  was  able  to  work  out  in  all-round  scientific  fashion 


the  problems  appearing  in  practice,  can  react  faster  and 
thus  does  react  in  correspondence  with  the  modern  indus¬ 
trial  process.  He  becomes  a  genuine  ruler  and  director 
of  industrial  processes.  He  does  not  merely  depend  upon 
the  information  received  and  upon  ite  processing,  but 
his  high  education  and  scientific  ability  allow  him  to 
survey  wicn  scientific  foresight  process  changes  occurring, 
to  recognise  various  phases  of  the  process  in  proper  com¬ 
bination,  and  to  predetermine  the  effects  to  be  expected. 
He  is  mentally  creative  in  his  work  -  and  this  countr. 
for  more  than  a  very  rapidly  reactive  work  ekill  which  is 
limited  physically  and  causes  delay. 

With  these  ideas  we  close  the  far-reaching  loop 
of  thought  that  began  with  the  problem  of  basic  knowledge 
and  its  propagation  in  the  scope  of  the  uniform  system 
of  education  and  now  ends  with  the  proof  that  a  constantly 
improved  high  level  of  education,  a  continually  broadened 
qualification,  and  an  improved  training  for  creative 
mental  work  constitute  the  bases  of  development  of  the 
future  producers  of  modern  socialist  production.  Sci¬ 
entific  and  technical  progress  requires  all  wcrkei'S,  es¬ 
pecially  our  students,  to  be  trained  for  creative  work, 
independent  study,  and  utilisation  of  the  high  values 
of  science  and  culture. 


The  pedagogy  of  the  socialist  school  mu3t  take 
into  account  these  requirements  of  broad  construction  of 
socialism,  of  successful  scientific  and  technical  progress, 
and  of  elevation  of  the  cultural  accomplishments  of  the 


worker.  Armed  with  the  philosophy  and  methodology  of  di- 
jalectical  materialism,  relying  upon  the  investigations  of  1 

. . . 


of  Soviet  pedagogues  and  scientists  as  wall  as  upon  the 
practical  experience  of  our  own  school®,  but  also  using 
effective  new  scientific,  methods ,  vre.  must  further  develop 
pedagogy,  didactics  and  r.sthcda.  Pedagogical  research 
can  no  longer  neglect  the  scientifically  exact  methods 
of  mathematics,  logic  of  content,  and  cybernetic®. 


CYBERNETICS  -  AUTOMATION  - 
NATURE  0?  WORK 


O/ 

\ 


\ 

\ 


^Following  is  a  translation  of  an  article 
by  Prof.  G.  Klaus,  National  Frize  Vinner, 
Berlin,  in  Felngeraetetechnik  (Precision 
Technology)  no  3  ,  Berlin,  March  1963,  pages 
97-98.) 


In  connection  with  the  XXI Ind  party  congress,  the 
14th  plenary  meeting  of  the  Central  Committee  of  the  SED 
tSozialistische  Einheitspartei  Deutschland;  Socialist 
Unity  Party  of  Germany)  has  prepared  a  series  of  uoouments 
of  great  importance  for  the  development  of  our  German 
Democratic  Republic.  The  concepts  of  cybernetics  and 
automation  must  be  emphasized  in  connection  with  the  view¬ 
points  discussed  in  the  deliberations  of  the  14th  plena¬ 
ry  meeting,  which  took  full  account  of  the  fact  that  sci¬ 
ence  is  increasingly  becoming  a  direct  productive  force. 
This  is  nowhere  more  clearly  shown  than  in  the  sphere  of 
the  concepts  designated  by  the  two  terms  above,  cybernetics 
and  automation. 

The  precedence  accorded  cybernetics  in  the  program 
of  the  KFdSU  ^Kommunietische  F&rtei  der  Sowjetunion;  Com¬ 
munist  Party  of  ths  Soviet  Union) ,  adopted  by  the  XXXlnd 
party  congress,  should  also  be  noted.  It  reads,  for  ex¬ 
ample: 


"The  transition  to  completely  automatic  control 
systems  will  be  accelerated,  cybernetics,  elec¬ 
tronic  computers,  and  control  systems  will  be  wide¬ 
ly  employed  in  production  processes  in  industry, 
construction,  transportation,  research,  planning 
and  designing,  accounting,  and  administration" 
OJftote):  Program  of  the  Communist  Party  of  ths  Soviet 


[union*  p.  67,  Dietz  Verlag,  Berlin  1961.) 

The  especially  interesting  fact  should  be  emphasised 
hors  that  cybernetics  Is  mentioned  in  the  same  aeries  with 
automatic  control  system*?*  computers,  etc.*  that  is,  with 
instruments  of  production.  Cybernetic a  is  itself  a  pro¬ 
duct  iv&  _  fore  a  1  k<$  historical  materialism  'shows'  * " 'however  * 

productive  Tor'cee  finally  determine  the  social  aspect  of 
production.  Therefore  an  evaluation  of  the  social  changes 
that  accompany  automation  must  begin  with  an  evaluation  of 
the  technical  changes  that  this  phenomenon  brings  with 
it.  It  should  accordingly  fifrst  be  stated  that' the  con¬ 
cept  of  automation  has  several  aspects.  Initially  there 
is  aii  automatic?;,  which  we  may  call  automation  based  on 
mechanical  causality  ((Koto):  Mechanical  causality: 
linear  consequence  of  cause  and  effect) .  This  is  the  form 
of  automation  that  leads  to  the  so-called  transfer  machine, 
in  which  a  given  pro  uct  passes  through  a  series  of  ma¬ 
chines,  each  specialising  in  a  single  or  at  most  a  few 
operations*  This,  form  of  automation  therefore  replaces 
the  worker's  division  of  labor  by  the  machine's  division 
of  Labor.  It  is  manifest  that  an  autonati.on  form  of  this 
type  is  rational  only  vhere  mass  production  is  involved. 
What  was  previously  valid  at  the  ievel  of  division  of  la¬ 
bor  in  manufacturing  is  valid  at  the  machine  level  hers: 
the  degree  of  specialization  depends  upon  the  extent  of 
production.  Establishment  of  automated  factories  cn  this 
basis  has  its  peculiar  problems,  principally  to  be  viewed 
as  inherent  rigidity  and  inflexibility  of  the  installation. 
This  is  also  true  to  come  extent  at  the  machine  level,  as 
is  well  known  to  us  from  the  development  of  life.  The 
$.ore  specialized  is  a  living  organism  the  smaller  are  it? 
chances  of  surviving  a  charge  in  its  ambient  conditions. 
This  means  then  that  a  one-sided  specialization  io  equi¬ 
valent  to  deficient  adaptability  to  p&ssible  changes  in 
conditions;  in  terms  of  industry,  completely  automated 
factories  consisting  of  groupo  of  units  each  of  which  is 
specialized  in  a  highly  definite  type  of  production  become 
worthless  if  any  social  conditions  require  a  basic  change 
in  production. 

Production  in  these  facilities  can  be  compared  in 
its  method  of  operation  to  an  electronic  computer  work¬ 
ing  on  a  rigid  preselected  program,  that  la,  a  so-called 
sequence  machine. 

We  know*  however ,  that  even  today  there  are  higher- 
type  machines,  adaptive  machines  as  they  are  called,  that 
|  do  not  follow  a  rigid  program  but  suit  the!"  behavior  to  j 
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ft  re  nt  s  at  any  instant.  Xheee  arc  the  variable -pro-  1 
gram  electronic  computers .  They  have  their  analogy  in 
production,  where  the  question  arises  of  how  automation  is 
to  be  introduced  when  Sitali  lote  of  workpieces,  devices, 
or  apparatus  are  to  be  made.  It  ie  obvious  that  an  as** 
sembly  lino  with  100  special  machines  can  not  be  built  to 
make  a  lot  of  10  or  100  devioes.  In  this  case  the  build¬ 
ing  of  an  industrial  analog  to  the  variable-program  elec¬ 
tronic  computer  is  a  way  out.  Aa  for  as  the  operating 
components  are  concerned,  the  elements  of  this  new  type 
of  automation  already  exist  -  in  machines  such  as  the  all¬ 
purpose  lathe  cr  universal  miller.  If  these  machines  were 
grouped  and  controlled  by  a  variable -program  electronic 
computer,  it  would  bo  possible  to  automate  even  those 
.factories  that  must  produce  a  multiplicity  of  typos. 

This  second  form  of  automation  is  entirely  realis¬ 
able  today. 

The  objection  against  universal  application  of 
automation  in  industry,  expressed  somewhat  as  follows: 
automation  is  applicable  only  where  one  or  a  very  few 
types  are  mas 3 -produced,  thereby  disappears . 

In  principle ,  the  second  form  of  automation,  based 
on  fundamental  ..concepts  of  cybernetics,  can  produce  in¬ 
dividual  complicated  workpieces.  The  first  form  of  auto¬ 
mation  make .3  semi-skilled  and  unskilled  workers  largely 
unnecessary  and  requirc.8  a  qualified  although  numerically 
very  small  group  of  skilled  workers  in  maintenance  groups 
and  in  supervisory  personnel.  Although  this  applies 
equally  to  the  second  form  of.  automation,  the  latter  has 
an  additional  effect  that  ia  present  in  elementary  fashion 
in  the  first  form  but  now  appears  fully  for  the  first 
time.  This  second  form  of  automation  requires  as  its 
normal  worker  the  qualified  technician,  engineer,  physi¬ 
cist,  or  mathematician.  It  requires  a  number  of  basic 
researchers  and  e ;an  more  researchers  who  can  creatively 
apply  the  results  of  basic  research  to  production  prac¬ 
tice. 


Of  especial  interest  in  this  connection  is  th* 
fact  that  modern  highly  productive  technology  changes 
the  very  nature  of  work,  aa  Walter  Ulbricht  himself  em¬ 
phasized  in  his  address  at  the  14th  plenary  meeting: 

"As  a  result  of  the  changed  character  cf  work 
and  its  increasingly  technical  aspect,  the  inner 
need  to  work  for  the  common  good,  freely  and  in 


accoi'd&noe  with  individual  abilities,  will 
in  all  members  of  society,  thanks  to  their 
conviction." 

(  (Note):  The  KX'IInd  Party  '•  ougres s  of  the  Communist 
Party  of  the  Soviet  Union  and  tna  Tasks  in  the  DDR  (Deutsche 
Demokratieche  ttepublik;  German  Democratic  Republic) ,  p. 

14,  Dietz  Verlag,  Berlin,  1961.) 

Since  work  determines  the  nature  of  man,  this  state¬ 
ment  also  means  that  the  very  nature  of  man  is  changed. 

Not  only  will  the  new  technology  that  is  spoken  of  nere 
provide  us  in  the  not  too  distant  future  with  an  abundance 
of  material  goods,  but  of  equal  importance  with  this 
change  is  the  change  in  the  nature  of  man,  a  change  very 
closely  coupled  with  the  concepts  of  cybernetics  and  auto¬ 
mation. 


develop! 

high 


In  other  words,  the  dynamics  of  development  of  pro¬ 
ductive  forces  now  presses  from  the  technical  side  toward 
that  which  the  classioista  of  Marxism  described  in  their 
early  days  as  elimination  of  the  alienation  of  mankind. 

The  change  of  work  into  creative  effort  can  not  be  over¬ 
estimated  in  its  social  effect.  According  to  the  concept 
of  historical  materialism,  the  nature  of  work  at  any  time 
determines  the  nature  of  man.  People  who  do  only  stereo¬ 
typed,  monotonous  work  during  the  workday  are  on  the  aver¬ 
age  not  able  to  turn  to  a  completely  different  and  creative 
world  in  their  leisure  time.  Activity  in  the  private  gar¬ 
den,  chase  club,  or  elsewhere  is  but  a  poor  substitute. 

Karl  Ilerx  and  Friedrich  Engels  studied  this  prob¬ 
lem  in  detail  in  their  early  writings.  Work  that  is 
monotonous  and  stereotyped  in  ita  nature  readily  causes 
humans  who  must  perform  it  to  think  in  monotonous  and 
stereotyped  fashion  on  all  planes  of  life.  These  are 
the  very  persons,  however,  who  are  relatively  easily 
duped  by  the  enormously  developed  information  machine  of 
their  oppressors.  It  is  not  too  difficult,  with  persons 
of  this  type,  to  control  a  formally  democratic  capital¬ 
ist  state  ia  such  fashion  that  tho  capitalists  obtain  all 
that  they  seek.  For  this  very  reason  tho  responsibility 
of  the  communist  and  workers'  parties  in  capitalist  coun¬ 
tries  has  grown,  and  the  task  of  bringing  social  con¬ 
sciousness  to  the  working  masses  is  more  important  than 
ever. 


The  propaganda  of  the  fascist  dictatorships  directs 
.  itself  largely  to  the  worker  who  is  shaped  by  stereo- 
|  typed  and  monotonous  work  in  monopoly  capitalism,  and  intoj 
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«  few-  inf lusneiag  eateh  phrases  m  eontiauslly 
pomaded.  The  technical  and  productive  basis  of  &  trus 
soeiallst  ©a  the  other  band,  requires  oreativs 

work,  la  which  the  worker  la  deeply  involved  with  his 
living  powers.*  Only  this  kind  of  work  can  built  tha  all- 
around  harmonic  personality  of  tha  socialist;  man. 

This  must  ba  rapaaicdl y  emphasised  vrhsn  wa  speak 
of  tha  meaning  of  cybernetics  nod  its  technical  appliea- 
t  loader  the  further  shaping  of  the  socialist  order  of 
society* 

k  new  Soviet  work  on  this  states t 


"Establishment  of  the  material  and  technical 
basis  of  communism,  eomplete  mechanisation  of  pro¬ 
cesses  involving  high  expenditure  of  labor,  and 
extensive  Mechanisation  and  automation  baaed  upon 
thorough  electrification  of  the  ocoaoaty  will 
chaug©  productive  culture  completely,  Monotonous 
and  wearlsoae  work  will  gradually  disappear.  Auto¬ 
mated  systems  of  machinery  require  training  of 
highly  qu&’ified  labor  forces  able  to  set  up  and 
control  the  equipment  and  to  direct  complicated 
machine  operations,  Mental  functions  become  ob¬ 
viously  predominant  in  the  work  of  chess  men." 

((Sot*):Manswitech,  I.L.,  "Elimination  of  the 
Differences  between  Mental  and  Physical  Labor/  in  Soviet 
Science,  no  12,  1961 »  page  1J40.) 

The  .id  effects  must  be  heeded  in  futuro  technical 
and  scientific  education,  neither  -she  technical  schools 
nor  the  aohools  of  general  education  -*  the  latter  sure 
certainly  excluded  -  can  be  given  the  task,  in  view  of 
the  dynamism  of  our  development,  of  imparting  to  their 
students  merely  a  limited  capability  of  work  and  a  limited 
amount  of  factual  material  on  subjects.  Although  this 
muat  oertainly  be  done,  it  can  no  longer  be  the  chief 
point.  It  la  necessary  to  keep  in  mind  the  difference 
between  the  evolution  of  the  occupational  work  of  a 
qualified  technical  worker  of  a  few  deeades  ago  and  that 
which  will  be  a  normal  case  shortly. 


Several  dacades  ago  it  was  customary  for  a  lathe 
operator  to  learn  lathe  work  as  an  apprentice,  journey¬ 
man,  and  finally  as  a  skilled  worker,  eventually  becoming 
&  master  workman.  During  hie  lifetime  his  tool,  the 
lathe,  continually  changed,  of  course,  but  no  matter 
what  the  individual  improvements  might  be,  the  basic  i 
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{features  of  his  work  remained  constant  within  relatively^ 
'narrow  Halts,  so  that  it  was  possibls  to  retain  largely 
the  educational  ferns  for  this  calling,  or  to  sake  only 
slow  and  gradual  changes.  Sow,  however,  it  will  happen 
increasingly  more  often  that  certain  trades  will  disappear, 

i.e.,  it  will  he  Quite  common  for  a  given  skilled  trade 
to  be  completely  antiquated  only  a  few  years  after  the 
worker  involved  has  beooae  fully  qualified  as  a  skilled 
worker  in  the  oalllng.  From  the  historical  viewpoint  the 
following  qualitative  stages  ean  be  established  for  this 
theme: 


1.  Learning  of  a  trade  in  the  faetory  through 
gradual  aoouaulation  of  practical  knowledge,  aastery 
of  oertain  tricks  of  the  trade,  and  constant  ob¬ 
servation  of  the  behavior  and  method  of  work  of  the 
older  qualified  fellow-workers. 


2.  Preparation  for  an  ooeupation  by  learning 
special  work  methods  in  teohnioal  schools  or  simi¬ 
lar  fashion.  This  second  stage  is  a  higher  stage 
because  it  does  not  adhere  to  the  specific  instance 
but  to  a  oertain  degree  includes  she  general  case, 
and  thus  oan  follow  within  moderate  limits  a 
change  in  productive  forces. 


3.  Determination  of  a  general  method  of  automated 
production  (that  ia,  the  elementary  principles  of 
cybernetics ,  among  other  things).  This  method  is 
more  powerful  than  mere  eolleetlon  of  facts;  it  is 
also  elastio  and  mors  than  an  accumulation  of  ex¬ 
periences.  Even  more  powerful  than  the  method  of 
execution  of  a  given  task  is  the  ability  to  learn 
new  methods,  or  expressed  mathematically  and  approxi¬ 
mated  to  our  cybernetic  theme  t  the  algorithm  ((Notqli 
exact  description,  instruction  for  solving  a  given 
type  of  problem),  which  permits  solution  of  the 
entire  group  of  problems,  is  more  powerful  than 
the  ability  to  solve  individual  problems.  A  com¬ 
prehensive  theory  of  algorithms,  permitting  not 
only  understanding  of  individual  algorithms  but 
also  design  of  new  algorithms  depending  upon  cir¬ 
cumstances,  is  even  mors  powerful  than  the  in¬ 
dividual  algorithms. 

(To  be  eontinued) 
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